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Synopsis In this study we present for the first time site (N1-H / N3-H) and bond (N-H / C-H) selectivity of H- formation in 1-
methylthymine, 3-methyluracil and deuterated thymine (C positions) triggered by potassium molecule collisions. By compar-
ing the H loss of these molecules with H loss in thymine and uracil and setting the energy one can predict site and bond selec-
tivity in these set of molecules. 
     Dissociative electron attachment to DNA 
bases has been extensively studied by several 
groups [1, 2, 3]. Prior to these research works, 
Sanche and co-workers have shown on a 
landmark paper the relevance of low energy 
electrons (LEE) in the vicinity of DNA and its 
constituents. Though these LEE may induce 
single and double strand breaks in plasmid 
DNA (SSB and DSB respectively) [4]. 
Therefore, the quantum yields for SSB and DSB 
show resonant-like behaviour with electron 
energy, suggesting that the initial degradation 
step is due to electron capture. Moreover, 
dissociative electron attachment studies at 
subexcitation energies, have shown nucleobase 
dehydrogenation [5]. 
 
   In this study we present the first set of elec-
tron transfer studies driven by potassium colli-
sions to thymine, C-deuterated thymine, 3-
methyluracil and 1-methylthymine. By switch-
ing the potassium kinetic energy in the four dif-
ferent molecules, and obtaining the energy 
thresholds, one can selectively choose the site 
(N1-H or N3-H) and bond (N-H or C-H) from 
where the hydride anion is abstracted (see fig-
ure). The experimental set-up used to perform 
these experiments is a crossed molecular beam 
system, where a hyperthermal potassium beam 
crosses orthogonally an effusive molecular tar-
get, equipped with a linear TOF mass spectrom-
eter [6]. These results allow us to infer that elec-
tron transfer process may be seen as a competi-
tor of dissociative electron attachment studies as 
far as biological damage at the molecular level is 
concerned. 
 
 
0 1 2 3 4 5 6
0
10
20
30
40
0 1 2 3 4 5 6
0
10
20
30
0 1 2 3 4
0
20
40
60
80
 100 eV 1meT (Ecm = 66 eV)
 19 eV 1meT (Ecm = 9,0 eV)
 17 eV 1meT (Ecm = 7,6 eV)
To
ta
l A
n
io
n
 Y
ie
ld
 
(C
o
u
n
ts
)
 14 eV 3meU (Ecm = 5,3 eV)
 17 eV 3meU (Ecm = 7,4 eV)
 100 eV 3meU (Ecm = 64,4 eV)
Mass (a.m.u.)
 17 eV DThymine (Ecm =7,4 eV)
 70 eV DThymine (Ecm =44,1 eV)
 
 
References 
[1] S. Denifl et al. 2003, Chemical Physics Letters, 377, 
74-80 
[2] S. Denifl et al.2007, Angew. Chem. Int. Ed., 46, 
5238-5241 
i    l i   
. i   il  1, . l i  2, . i  , .  ,    
* 
a rat ri   lis s t i   l l r , , t t   í i , i i    i
,   ri ,  i , t l 
† I stit t   t ti s  ísi  t l, j  i   ti i  i tí i  ,  
i ,  i , i  
! 
rt t   í i   l  t ri l , ,  l  ,  i , i  
 
sis I  t is st  e r s t f r t  first ti  it  ( 1-  / 3- )   ( -  / - ) l ti it  f - f r ti  i  -
eth lt i e, - et l r il  t r t  t i  (  iti ) tri r   t i  l l  lli i .  r-
ing t e  l ss f t ese le l s it   l ss i  t i   r il  tti  t  r    r i t it    l -
tivit  i  t ese set f lec l s. 
     i i ti  l tr  tt t t   
s    t i l  t i   l 
r  [ , , ]. ri r t  t   , 
  - r r      
l r  r t  r l   l   
l tr  ( ) i  t  i i it     it  
stit t .  t    i  
si l   l  tr   i  l i  
 (    ti l  . 
r f r , t  t  i l      
s  r t-li  i  it  l t  
r , ti  t t t  i iti l ti  
st  i   t  l tr  t . , 
iss i ti  l tr  tt t t i  t 
s it ti  r i ,   l  
r ti  [ ]. 
 
   I  t i  t   r t t  i t t  l
tr  tr f r t i  ri   t i  lli-
si s t  t i , - t r t  t i , -
t l r il  - t lt i .  it -
i  t  t i  i ti  r  i  t  f r if-
f r t l l ,  t i i  t  r  
t r s l ,   l ti l   t  it  
( 1-  r 3- )   ( -  r - ) fr  
r  t  ri  i  i  tr t  (  fi -
r ).  ri t l t-   t  rf r  
t s  ri t  i   r  l l r  
s st , r   rt r l t i   
r ss  rt ll   ff i  l l r t r-
t, i  it   li r   tr -
t r [ ].  r lt  ll   t  i f r t t l -
tr  tr f r r       ti-
t r f i i ti  l tr  tt t t i   
f r s i l i l  t t  l l r l l is 
r . 
 
 
0 1 2 3 4 5 6
0
10
20
30
40
0 1 2 3 4 5 6
0
10
20
30
0 1 2 3 4
0
20
40
60
80
 100 e  1 eT ( c  = 66 e )
 19 e  1 eT ( c  = 9,0 e )
 17 e  1 eT ( c  = 7,6 e )
To
ta
l A
n
io
n
 Y
ie
ld
 
(C
o
u
n
ts
)
 14 eV 3 eU (Ec  = 5,3 eV)
 17 eV 3 eU (Ec  = 7,4 eV)
 100 eV 3 eU (Ec  = 64,4 eV)
Mass (a.m.u.)
 17 eV DThy ine (Ec  =7,4 eV)
 70 eV DThy ine (Ec  =44,1 eV)
 
 
f  
[ ] . e ifl et l. , e ic l ysics etters, , 
-  
[ ] . e ifl et l. , e . e . I t. ., , 
-  
Site and bond selective – for ation in ethylated pyri idine bases driven by 
otassi  olec le collisio s 
F. Ferreira da Silva* 1, . l eida* 2, . artins* 3, . unes* 4, . arcia† ! 5, P. i ão- ieira* 6 
* 
aboratório de olisões tó icas e oleculares, FI , epart ento de Física, F - niversidade ova de is-
boa, a pus de aparica, 2829-516 aparica, Portugal 
† Instituto de ate áticas y ísica unda ental, onsejo uperior de Investigaciones ientíficas ( I ), errano 113-
bis, 28006 adrid, pain 
! 
eparta ento de ísica de los ateriales, , e a el e  ,  a ri , ai  
 
y o sis In this study e present for the first ti e site ( 1-  / 3- ) and bond ( -  / - ) selectivity of - for ation in 1-
ethylthy ine, 3- ethyluracil and deuterated thy ine (  positions) triggered by potassiu  olecule collisions. y co par-
ing the  loss of these olecules ith  loss in thy ine and uracil and setting the energy one can predict site and bond selec-
tivity in these set of olecules. 
     iss ciati e electr  tt t t   
ases as ee  e te si el  st i   s r l 
r s [ , , ]. ri r t  t s  r s r  r s, 
a c e a  c - r ers  s    
la ar  a er t e rele  f l  r  
electr s ( ) i  t e ici it  f   its 
c tit e ts.  t es    i  
i le a  le stra  r s i  l s i  
  a   r s ti l ) [ ]. 
e e e, t e a t  iel s f r    
 es a t li e e a i r it  l tr  
e e , s es  a    r  
e s e e ec r r r
c a e e ec a a s s
e c a e e es a s s
e e a
s s e ese f rs s f -
a s e s es e ss
e e
e ac a e s
e ass e c e
e e ec es a
e s e ca se ec s s
a
e e e e a s s s
e e e e e a se se e
e e e e e s s a c sse ec a ea
y e he e a hype he a po ass u bea
c o es o hogona y an e us ve o ecu a a
ge equ pped h a nea ass spec o
e e 6 hese esu s a o us o n e ha e ec
on ans e p ocess ay be seen as a co pe
o o d ssoc a ve e ec on a ach en s ud es as
a  a  biological da age at the olecula  level i  
conce ned. 
 
 
0 1 2 3 4 5 6
0
10
20
30
40
4 5 6
30
3 4
 100 eV 1meT (Ecm = 66 eV)
 19 eV 1meT (Ecm = 9,0 eV)
 17 eV 1meT (Ecm = 7,6 eV)
To
ta
l A
n
io
n
 Y
ie
ld
 
(C
o
u
n
ts
)
   m  ( cm  ,  )
   m  ( cm  ,  )
   m  ( m  ,  )
 ( . . .)
   mi  ( m ,  )
   mi  ( m ,  )
e erences 
[1] S. D nifl t al. 2003, Ch mi al Ph i  L tt , 377, 
74-80 
[2] S. D nifl t al.2007, Ang w. Ch m. Int. Ed., 46, 
5238-5241 
Site and bond selective H– formation in methylated pyrimidine bases driven by 
potassium molecule collisions 
F. Ferreira da Silva* 1, D. Almeida* 2, G. Martins* 3, Y. Nunes* 4, G. Garcia† ! 5, P. Limão-Vieira* 6 
* Laboratório de Colisões Atómicas e Moleculares, CEFITEC, Departmento de Física, FCT-Universidade Nova de Lis-
boa, Campus de Caparica, 2829-516 Caparica, Portugal 
† Instituto de Matemáticas y Física Fundamental, Consejo Superior de Investigaciones Científicas (CSIC), Serrano 113-
bis, 28006 Madrid, Spain 
! Departamento de Física de los Materi les, UNED, Senda del Rey 9, 28040 Madrid, Spain 
 
Synopsis In this study we present for the first time site (N1-H / N3-H) and bond (N-H / C-H) selectivity of H- formation in 1-
methylthymine, 3-methyluracil and deuterated thymine (C positions) triggered by potassium molecule collisions. By compar-
ing the H loss of these molecules with H loss in thymine and uracil and setting the energy one can predict site and bond selec-
tivity in these set of molecules. 
     Dissociative electron attachment to DNA 
bases has been extensively studied by several 
groups [1, 2, 3]. Prior to these research works, 
Sanche and co-workers have shown on a 
landmark paper the relevance of low e ergy 
electrons (LEE) in the vicinity of DNA and its 
constituents. Though these LEE may induce 
single and double strand breaks in plasmid 
DNA (SSB and DSB respectively) [4]. 
Therefore, the quantum yields for SSB and DSB 
show res nant-like behaviour with electron 
energy, sug estin  that the initial degradation 
step is due to lectron capture. More ver, 
dissociative electron attachment studies at 
subexcitation energies, have shown nucleobase 
dehydrogenation [5]. 
 
   In this study w  pres nt the first set of elec-
tron tran fer s udies driven by potassium colli-
sions to thymine, C-deuterated thymine, 3-
methyluracil and 1-methylthymine. By switch-
ing the potassium kinetic energy in the four dif-
ferent molecules, and obtaining the energy 
thresholds, one can selectively choose the site 
(N1-H or N3-H) and bond (N-H or C-H) from 
where the hydride anion is abstracted (see fig-
ure). The experimental set-up used to perform 
these experiments is a crossed molecular beam 
system, where a hyperthermal potassium beam 
crosses orthogonally an effusiv  molecular tar-
get, equipped with  linear TOF mass spec rom-
eter [6]. The e results allow us to infer that e c-
tron transfer process may be seen as a competi-
tor of dissociative electron attachment studies as 
far as biological damage at the molecular level is 
concerned. 
 
 
0 1 2 3 4 5 6
0
10
20
30
40
0 1 2 3 4 5 6
0
10
20
30
0 1 2 3 4
0
20
40
60
8
 100 eV 1meT (Ecm = 66 eV)
 19 eV 1meT (Ecm = 9,0 eV)
 17 eV 1meT (Ecm = 7,6 eV)
To
ta
l A
n
io
n
 Y
ie
ld
 
(C
o
u
n
ts
)
 14 eV 3meU (Ecm = 5,3 eV)
 17 eV 3meU (Ecm = 7,4 eV)
 100 eV 3meU (Ecm = 64,4 eV)
Mass (a.m.u.)
 17 eV DThymine (Ecm =7,4 eV)
 70 eV DThymine (Ecm =44,1 eV)
 
 
References 
[1] S. Denifl et al. 2003, Chemical Physics Letters, 377, 
74-80 
[2] S. Denifl et al.2007, Angew. Chem. Int. Ed., 46, 
5238-5241 
Site and bond selective H– formation in methylated pyrimidine bases driven by 
potassium mol cule collisions 
F. Ferreira da Silva* 1, D. Almeida* 2, G. Martins* 3, Y. Nunes* 4, G. Garcia† ! 5, P. Limão-Vieira* 6 
* Laboratório de Coli ões Atómicas e Molecular s, CEFITEC, D partmento de Física, FCT-Universidade Nova de Lis-
boa, Campus de Caparica, 2829-516 Caparica, Portugal 
† Instituto de Matemáticas y Física Fundamental, Consejo Superior de Investigaciones Científicas (CSIC), Serrano 113-
bis, 28006 Madrid, Spain 
! Departamento de Física de los Materiales, UNED, Senda del Rey 9, 28040 Madrid, Spain 
 
Synopsis In this study we present for the first time site (N1-H / N3-H) and bond (N-H / C-H) selectivity of H- formation in 1-
methylthymine, 3-methyluracil and deuterated thymine (C positions) triggered by potassium molecule collisions. By compar-
ing the H l ss of these molecules with H loss in thymine and uracil and setting the energy one can predict site and bond selec-
tivity in these set of molecules. 
     Dissociative electron attachment to DNA 
bases has been extensively studied by several 
groups [1, 2, 3]. Prior to these research works, 
Sanche and co-workers have shown on a 
landmark pap r the r levance of low energy 
elect ons (LEE) in the icinity of DNA and its 
constituents. Though these LEE may induce 
single and double strand breaks in plasmid 
DNA (SSB and DSB respectively) [4]. 
Therefore, the quantum yields for SSB and DSB 
show resonant-like b haviour with electron 
e ergy, suggesting that the initial d g adation 
step i  due to electron capture. More ver, 
dissociative el ctron att chm nt studies at 
subexcitation energies, have shown nucleobase 
d hydrogenation [5]. 
 
   In this study we present the first set of elec-
tron transfer studies driven by potassium colli-
sions to thymi e, C-deuterat d thymine, 3-
methyluracil and 1-m thylthymine. By switch-
ing the pot ssium kinetic energy in the four dif-
ferent molecules, and obtaining the energy 
thresholds, one c  selectively choose the site 
(N1-H or N3-H) and bond (N-H r C-H) from 
where the hydride anion is abst acted (see fig-
ur ). The experimental et-up us to perform 
these xperiments is a crossed molecular beam 
syst m, wh re a hype thermal potassium beam 
crosses orthogonally an effusive molecular tar-
get, equipped with  linear TOF mass spec rom-
et r [6]. These results llow us to infer that elec-
t on transfer proce s may be seen as a competi-
tor of dissociative electron attachment studies as 
far as biolog cal damage  the ol ular level is 
conce ned. 
 
 
0 1 2 3 4 5 6
0
10
20
30
40
0 1 2 3 4 5 6
0
10
20
30
0 1 2 3 4
0
20
40
60
80
 100 eV 1meT (Ecm = 66 eV)
 19 eV 1meT (Ecm = 9,0 eV)
 17 eV 1meT (Ecm = 7,6 eV)
To
ta
l A
n
io
n
 Y
ie
ld
 
(C
o
u
n
ts
)
 14 eV 3meU (Ecm = 5,3 eV)
 17 eV 3meU (Ecm = 7,4 eV)
 100 V 3meU (Ecm = 64,4 eV)
Mass (a.m.u.)
 17 eV DThymine (Ecm =7,4 eV)
 70 eV DThymine (Ecm =44,1 eV)
 
 
References 
[1] S. Denifl et al. 2003, Chemical Physics Letters, 377, 
74-80 
[2] S. Denifl et al.2007, Angew. Chem. Int. Ed., 46, 
5238-5241 
[3] H. Abdoul-Carime et al. 2004, Phys. Rev. Lett., 92, 
16893 
[4] B. Boudaïffa et al. 2000, Science, 287, 1658-1660 
[5] S. Ptasinska et al. 2005, Phys Rev Lett, 95, 093201 
[6] R. Antunes et al. 2010, Phys Chem Chem Phys, 12, 
12513 
 
 
 
1
 E-mail: f.ferreiradasilva@fct.unl.pt 
 
2
 E-mail: dalmeida@fct.unl.pt 
 3 E-mail: goncalorama@gmail.com 
 4 E-mail: yuri@fct.unl.pt 
 5 E-mail: g.garcia@iff.csic.es 
 6
 E-mail: plimaovieira@fct.unl.pt 
[3] H. Abdoul-Carime et al. 2004, Phys. Rev. Lett., 92, 
16893 
[4] B. Boudaïffa et al. 2000, Science, 287, 1658-1660 
[5] S. Pta inska et al. 2005, Phys Rev Lett, 95, 093201 
[6] R. Antunes et al. 2010, Phys Chem Chem Phys, 12, 
12513 
 
 
 
1
 E-mail: f.ferreiradasilva@fct.unl.pt 
 
2
 E-mail: dalmeida@fct.unl.pt 
 3 E-mail: goncalorama@gmail.com 
 4 E-mail: yuri@fct.unl.pt 
 5 E-mail: g.garcia@iff.csic.es 
 6
 E-mail: plimaovieira@fct.unl.pt 
XXVII International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC 2011) IOP Publishing
Journal of Physics: Conference Series 388 (2012) 102032 doi:10.1088/1742-6596/388/10/102032
Published under licence by IOP Publishing Ltd 1
